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Perceptual Trace Development during Motor Skill 
Acquisition in Stroke Patients 
The hypothesis that stroke patients could learn 
a perceptual motor skill by developing a strong 
perceptual trace with practice was tested. Ten 
spastic stroke patients and sixteen normal 
subjects were observed while they learned a 
novel self-paced linear displacement task. The 
criterion movement was the displacement of 
an object with the affected leg (in the case of 
stroke patients) and left leg (in normal sub-
jects), to a designated target. Visual, auditory, 
kinesthetic as well as knowledge of result 
information was available to the subjects. 
The results showed that stroke patients were 
able to reduce their movement errors as a 
function of practice by developing and strength-
ening their perceptual trace. This technique 
may be adapated for the modification of the 
motor behaviour of stroke patients. 
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The ultimate goal of physical reha-
bilitation of the stroke patient is the 
re-acquisition of the perceptual motor 
capacity to evoke minimally functional 
or skilled motor acts with the involved 
extremity. Skill was defined by Fitts 
(1964) who stated that skilled response 
is 'one in which the receptor-effector-
feedback mechanisms are highly. 
organised both spatially and tempo-
rally'. It is routine for the physioth-
erapist to intervene in the management 
of the motor dysfunction of the stroke 
patient, and to be concerned, firstly, 
with the patient's motor control. This 
task requires the therapist to employ 
various therapeutic techniques to the 
benefit of the patient. These may 
include techniques of gait analysis and 
assessment, the use of proprioceptive 
and exteroceptive stimuli, the provi-
sion of augmented feedback parame-
ters and knowledge of results (KR), 
and the application of several neuro-
physiological treatment approaches. 
In spite of these specialised tech-
niques, the physical therapist is often 
unsure about the precise method of 
activation of the potentially functional 
but affected groups of muscles of the 
stroke patient. Youdas (1976) observed 
that stroke patients frequently possess 
adequate effector processes, but lack 
the ability to properly integrate the 
response-produced feedback stimuli 
which are necessary for the control of 
a skilled motor act. This lack of 
integrative ability may be due either 
to poor perception, that is, poor inte-
gration of the afferent input and the 
cortical process, or defective motor 
behaviour, that is inappropriate effer-
ent output. Hence physical therapy 
management of the stroke patient need 
not be retricted to the motor or effec-
tor processes alone, as has been tra-
ditionally the case, but should involve 
the sensori-perceptual processes. In 
support of this view Powers (1973) 
stated that motor acts depend on the 
efficiency of the perceptual processes 
which precede them. Hence, in order 
to achieve a coherent motor behav-
iour, an appropriate sensori-percep-
tual process is necessary. 
Adams (1971) proposed a theory of 
motor learning which highlights the 
presence of certain underlying proc-
esses inherent in motor learning. His 
closed-loop theory of motor learning 
has as its key elements firstly, feed-
back, with which responses are varied 
to correct errors; secondly, error 
detection, formed by covert verbal 
activity of planning the strategy for 
the next movement on the basis of 
KR; and thirdly, error correction, 
from self knowledge about the ade-
quacy of the movement and its regu-
lation on the basis of this self knowl-
edge. Adams' theory holds that the 
acquisition of simple self-paced graded 
movements is dependent upon the 
development of two independent 
learning states: the 'memory trace*, 
which serves to initiate and select 
particular movement for the criterion 
motor objective, and the 'perceptual 
trace'. The perceptual trace serves as 
a reference mechanism that forms the 
basis of the subject knowing the cor-
rectness of a response as learned; in 
addition, the subject requires knowl-
edge of results (KR) to inform him 
about the accuracy of the last 
response, as well as response-produced 
feedback stimuli to allow information 
about the on-going movement. Adams 
also postulated that the perceptual 
trace grows stronger as experience with 
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the various amounts of feedback in 
the movement situation increases. This 
feedback may be proprioceptive, vis-
ual, auditory and tactile. The feedback 
stimuli are compared with the percep-
tual trace which is a form of motor 
image, to obtain recognition of the 
movement. The perceptual trace there-
fore constitutes stored information 
about already completed movements. 
KR is in the form of information 
about the accuracy of the last com-
pleted movement. Both sets of infor-
mation are utilized together by the 
subject to improve on the previous 
movement. This process then results 
in the gradual improvement over trials 
which is called learning. From the 
preceeding postulates, it follows that 
any perceivable improvement in per-
formance over trials will be directly 
and closely related to the strength of 
the perceptual trace developed. The 
stronger the perceptual trace the better 
the criterion objective will be met. 
This will be reflected as a marked 
reduction in performance error. This 
entity (performance error) is often 
measured and described as learning, 
since learning itself is a hypothetical 
construct which cannot be measured 
directly. 
Schmidt (1975) described learning 
as a progressive change in behaviour 
resulting from practice or experience, 
producing a relatively stable internal 
state (habit), which is necessary but 
not sufficient condition for perform-
ance to occur. Learning is therefore 
an intervening variable that links per-
formance with practice (Drowatski 
1975). The ability to reduce perform-
ance error consistently following a 
practice session may be used as an 
indication that learning is occurring. 
When such a trend is observed in 
subsequent practice trials, learning is 
said to have occurred. 
The purpose of this paper is to 
investigate whether stroke patients can 
acquire a novel perceptual motor skill 
by developing a strong perceptual trace 
consequent to practice. The strength 
of the perceptual trace can be esti-
mated by the extent of movement 
correction or reduction in performance 
error. In addition, the strength of the 
perceptual trace of normal subjects as 
they learn the same skill is evaluated. 
Method 
Sixteen normal subjects and ten 
spastic stroke patients were randomly 
selected for this study. The duration 
of disability of the spastic patients 
ranged from four months to two years. 
The normal subjects came from the 
population of staff and students of 
the Department of Physiotherapy, 
Lagos University Teaching Hospital 
(mean age = 23 years). The stroke 
patients were drawn from the outpa-
tient clinic of the same department. 
Their average age was 53.3 years. The 
test apparatus, developed by the 
author, consisted of a linear tunnel-
way 200 cm long and 15 cm wide. The 
top of the tunnel-way was not covered 
(Figure I). A well-demarcated area 20 
cm by 15 cm was designated as the 
target area. Its centre was situated 140 
cm from the starting position, in clear 
view of the patient or subject. The 
novel skill consisted of the linear 
displacement of a weighted cylindrical 
flat-bottomed plastic object (radius -
7 cm, height = 5 cm, weight - 500 
gm) from the starting position to the 
designated target. The patient was 
comfortably seated in front of the test 
apparatus so that the affected lower 
limb (the left lower limb for normal 
subject) was positioned to kick or 
displace the weighted object to the 
clearly designated target without much 
physical effort. The lower limb was 
restrained at the thigh, such that the 
desired movement was performed by 
movements occurring at the knee and 
ankle joints. When commanded to 
proceed, the patient displaced the 
object and attempted to get it on the 
criterion target. The patient was then 
told how far he had moved the object 
towards the target or away fyom the 
target in centimeters (KR). The pro-
cedure was explained carefully to the 
patients and subjects, and all questions 
raised were answered before the com-
mencement of the experiment. The 
patient was then given a practice trial 
to ensure that the task was understood. 
The initial ten trials were recorded as 
the pre-acquisition trials, and the 
patient given opportunity to practice 
with (KR) until he was able to displace 
the object to the designated target 
three times consecutively. Target was 
regarded as any point ± 10 cm from 
'bullseye' (the 140 cm mark). When 
the patient accomplished three consec-
utive target scores, ten more recorded 
trials were performed to represent the 
acquisition trials. 
izjxrxaaxxEEi ^ £ > > 
Figure 1: Test apparatus A- plastic object; B- target area, C- measuring tape, 
D- sliding pointer; E- spirit level 
The Australian Journal of Physiotherapy Vol 29, No 3r June, 1983 87 
Motor Learning in Stroke Patients 
Results 
The performance error for both 
stroke and normal subjects were esti-
mated in the forms of Absolute and 
Algebraic errors (Schmidt 1975). These 
error statistics were estimated for the 
pre-acquisition and acquisition trials. 
The learning curves were plotted in 
two-trial blocks, but the statistical 
analyses employed the difference 
between the individual pre-acquisition 
and acquisition measures, as well as 
the mean group-difference. 
Learning Curves 
The mean absolute error (AE) of 
stroke patients was plotted against 
trials (Figure 2). The acquisition trials 
displayed a lower error margin and 
were less erratic compared with the 
pre-acquisition trials. This reduction 
in errors may be construed to mean 
that the stroke patients improved their 
performance in the new skill. Similar-
ly, there was a reduction in the mean 
absolute error of normal subjects dur-
ing acquisition trials. The errors 
dropped consistently from the first 
pre-acquisition trial reaching what 
looked like a plateau during the acqui-
sition trials (Figure 3). In both curves 
the acceleration was negative. 
The algebraic or constant error (CE) 
measures the response bias of the 
stroke patient, showing the patient's 
consistent deviation from the target 
behaviour. The constant error of 
stroke patients appeared to be even 
higher during the acquisition trials 
than the pre-acquisition trials (Figure 
4). For normal subjects the response 
bias or constant error was much less 
during the acquisition trials, showing 
consistent attempts to reduce bias to 
zero (Figure 5). On the whole, the 
number of practice trials ranged from 
13 to 90 (mean = 43) for stroke 
patients, and 16 to 53 trials (mean -
28) for normal subjects. These figures 
show the relative simplicity of the 
experimental task. 
Statistical Analysis 
The paired comparison test was used 
in order to eliminate a maximum 
number of sources of extraneous var-
iables. A multivariate analysis, though 
more accurate, was considered too 
tedious. A one tail probability test 
enabled rejection of the null hypoth-
esis for stroke patients, namely that 
the absolute error was not significantly 
different before and after acquisition 
(t = 2.991 and p < 0.01). (Table 1). 
The rejection of the null hypothesis 
shows that stroke patients improved 
their performance and probably 
learned the new skill. The algebraic 
error was also significantly less during 
the acquisition trials compared with 
the pre-acquisition trials (t = 2.1192, 
p < 0.05). For normal subjects, the 
null hypothesis for both absolute and 
a lgebra ic e r ro r s was re jec ted : 
t «= -3.8884 (p < 0.005) for absolute 
error and t = -3.0000 (p < 0.005) for 
constant error, (Table 2). A summary 
of the raw data is given in the Appen-
dix. 
Discussion 
The presented data seem to support 
the supposition that stroke patients 
are able to learn a novel skill appar-
ently in the same way as normal 
subjects regardless of the limitation 
imposed by their neurological deficits. 
Adams (1971) in his closed-loop theory 
of motor learning, proposed that two 
independent processes are involved in 
learning; the memory trace which is 
responsible for selecting and initiating 
the direction of a movement, and the 
perceptual trace which governs the 
extent of movement and evaluates its 
correctness. Since in the skill under 
trial, the direction of the criterion 
movement was selected and defined, 
it can be suggested that strengthening 
of the perceptual trace was the process 
responsible for the learning which 
occurred. Hence, the present study 
supports the view that stroke patients 
are able to develop and strengthen 
their perceptual trace to achieve learn-
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Table 1: 
Paried comparison test for i) absolute error and ii) algebraic or constant 
error of stroke patients (x, and x, are the mean pre-acquisition and 
acquisition errors). 
i/ • u, n-« ** Standard T- Degree of _ . ..... 
Vanable Difference Mean Dmmon ^ ^ ^ Probably 
Absolute 
Error (A.E.) x2-x, 
Constant or 
Algebraic 
Error (C.E.) x2-x, 
-13.49 14.42 -2 9911 
-8.71 12.99 -2.1192 
0.01 
0.05 
ing of the experimental task with 
practice. Since learning is a hypothet-
ical construct which cannot be directly 
measured (Schmidt 1975), it is thought 
best to use the perceptual trace as a 
hypothetical evaluation of the learning 
process as evident from the perform-
ance error reduction. Thus, the per-
ceptual trace which is developed as a 
motor image of the task can be 
strengthened with subsequent practice 
trials, until skill is attained. The rejec-
tion of the null hypothesis of no 
difference, for both the absolute error 
t = 2.991 (p < 0.01) and the algebraic 
error t = 2.1192 (p < 0.05) for stroke 
patients (Table 1), leads us to believe 
that the perceptual trace of these 
patients was strengthened probably in 
the same manner as those of normal 
subjects in which learning of the skill 
was also established (Table 2). How-
ever, further tests will be necessary to 
ascertain this view. The learning curves 
(Figures 2-5) also showed the trend of 
development of the perceptual trace 
of strokes and normal subjects. They 
both display a negative acceleration as 
is common with learning of perceptual 
motor skills (Drowatski 1975). The 
learning process or the development 
of perceptual trace appears to be 
erratic in the stroke patients (Figure 
3). This is further confirmed in the 
learning curve of the mean algebraic 
error (Figure 4). The algebraic error 
indicates whether the subject constant-
ly deviates from the target behaviour 
(Adams, Gopher and Lintern 1977). 
Stroke patients, in an attempt to cor-
rect their movement errors, perform 
erratic movements which may not be 
unconnected with their neurological 
status. These erratic movements persist 
throughout even though the error con-
tinues to decrease. Both curves for 
stroke and normal patients showed 
that performance error was reduced 
as a function of practice trials, that 
is, learning was taking place. Marshall 
(1972) found that the perceptual trace 
is sensitive to the number of trials, 
hence subjects who perform more 
acquisition trials tend to develop a 
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stronger trace and perhaps better 
learning, 
Although no statistical comparison 
is made between the two experimental 
groups because of sampling and 
matching difficulties, the study seems 
to indicate that both spastic stroke 
patients and normal subjects were able 
to learn a novel self-paced motor skill 
under the same laboratory conditions. 
It is probable that both groups 
achieved this by strengthening their 
perceptual trace, which is a function 
of experience and the various feedback 
sources required for the criterion 
movement. The feedback may be pro-
prioceptive, visual, auditory, tactile, 
or augmented as in the case of KR. 
Adams, Goetz and Marshall (1972) 
found that the perceptual trace is 
sensitive to the number of feedback 
channels. Perhaps new motor skills in 
place of lost ones, or adapted ADL 
skills, may be developed in stroke 
patients in the physical therapy clinics, 
by employing methods which guar-
antee strengthening of the perceptual 
trace to establish a more definite 
motor image of the required motor 
activity. The study also supports 
Adams (1971) hypothesis that the per-
ceptual trace is responsible for error 
detection and correction and therefore 
for the learning of perceptual motor 
skills. In controlled rapid movements 
as in the type employed in this study, 
performance error reduction was used 
as the index of strength of the percep-
tual trace. This is, however, without 
prejudice to other mechanisms which 
may influence learning. Such mecha-
nisms as motor engram theory, motor 
program and the schema theory 
abound in literature. Their roles are 
still very difficult to measure. The 
perceptual trace is therefore appealing 
because of its simplicity and general 
acceptance. Physical therapists are 
enjoined to add the use of motor 
learning theories to their bank of 
tools, for the modification of the 
motor behaviour of stroke patients in 
their clinics. 
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Table 2: 
Paired comparison test for i) absolute error and ii) algebraic or constant 
error of normal subjects (><, and x2 are the mean pre-acquisition and 
acquisition errors). 
i/ • *,# /->•« M. Standard T~ Degree of „ . . , x Variable Difference Mean n .. t/ . - y w Probabi ity Deviation Value Freedom y 
Absolute 
Error (A E.) x,-x, 
Constant or 
Algebraic 
Error {CE ) "xVx, 
-9.06 9.33 
-7.59 40.48 
-3.8884 
-3.000 
15 
15 
0.005 
0.005 
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Appendix I 
Raw Data 
Mean Absolute Error Normal Subjects 
c 
O 
CO 
O" 
o < 
Trials 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
10 
105 
29 
12 
15 5 
2 3 4 
5 45 5 64 5 
9 5 60 34 5 
7 15 5 85 5 
2 5 14 30 
18 5 27 22 5 
5 
25 
75 
47 
70 
18 
6 
29 
16 
135 
35 5 
14 
7 
27 5 
35 
12 5 
9 
23 
Subjects 
8 
38 
9 5 
31 
11 5 
24 
9 
70 
41 5 
6 
40 
36 5 
10 
185 
23 
29 
21 
23 
11 
0 
13.5 
26 
35 
12 
12 
64 5 
26 5 
48.5 
5 
0 
13 
11 
70 
82 5 
21 
26 5 
14 
65 
37 
11 
85 
40 5 
15 
18 
45 5 
29 5 
37 
17 5 
16 
24 
25 
26 
8 5 
48 
Total 
515 5 
479 5 
398 5 
360 5 
389 5 
Mean 
32 22 
29 97 
24 91 
22 53 
24 34 
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Appendix I — Cont. 
Raw Data 
Mean Absolute Error Normal Subjects 
c o 
(0 
3 a-o 
© 
Q_ 
Trials 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
14 
3 
8 
5 
9 5 
2 
34 5 
9 
12 
3 
24 
3 
23.7 
14 
28 5 
27 
18 
4 
14 
41 
35 
50 
24 
5 
10 5 
15 5 
37 
7 
19 
€ 
27 5 
2 5 
12 
12 
27 5 
7 
16 
14 5 
33 5 
30 
29 
Subjects 
8 
95 
6 
16 5 
22 5 
0 
9 
10 5 
13 5 
21 
28 5 
13 5 
10 
0 
13 5 
0 
44 5 
21 
11 
0 
15 
0 
16 5 
175 
12 
30 5 
21 5 
0 
75 
20 
13 
19 
8 5 
25 
65 
105 
14 
12 5 
14 
20 
21 
25 
15 
15 
17 
26 
105 
13 6 
16 
40 
80 5 
25 
29 
10 5 
Total 
267 2 
274 5 
308 5 
320 5 
285.6 
Mean 
16 70 
17 16 
19 28 
20 03 
17 85 
Appendix II 
Raw Data 
Mean Algebraic Error Normal Subjects 
c 
cr 
o < 
c o 
03 
1 
£ 
Trials 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
- 4 
0 5 
9 
-12 
1 5 
-14 
2 
8 
5 
9.5 
2 3 4 
3 33 5 - 9 5 
- 9 5 36 6 5 
- 7 9 5 54 5 
-2.5 10.5 30 
13 5 - 7 8.5 
34 5 - 4 5 - 3 
- 9 - 1 41 
8 28 5 - 7 
3 - 3 34 
- 1 23 ~ 2 4 
5 
-25 
7 5 
-27 
-35 
-18 
-2.5 
- 9 5 
37 
- 7 
19 
6 
-29 
-16 
135 
-35 5 
8 
12 5 
2 5 
1 
-12 
- 4 5 
7 
-27 5 
15 
-12 5 
- 9 
-23 
0 
-14 5 
33 5 
30 
29 
Subjects 
8 
-38 
- 9 5 
-31 
10 5 
24 
-9.5 
- 6 
16 5 
55 
0 
9 
70 
7.5 
- 6 
40 
36 5 
10 5 
13 5 
-21 
28 5 
13 5 
10 
-6 5 
-23 
1 
-4 
-23 
Q 
13 5 
0 
44 5 
-21 
11 
0 
135 
9 
-35 
-12 
0 
-15 
0 
16 5 
- 1 5 
12 
16 5 
-2.5 
75 
-5 
0 
- 0 5 
-21 5 
9 
-7 5 
16 
13 
-11 
70 
47 5 
-21 
-26 5 
-19 
-8 5 
-25 
-6 5 
- 0 5 
14 
-65 
-37 
-6 
8 5 
-19 5 
- 2 5 
14 
20 
-13 
-25 
15 
-18 
-24 5 
-29 5 
-37 
-17 5 
15 
-17 
2 
105 
-0 5 
16 
4 
25 
26 
-8.5 
48 
-40 
80 5 
-25 
- 1 
- 0 5 
Total 
-98 
59 0 
88 5 
-105 5 
-16 5 
-17 5 
65 
67 5 
1175 
50 5 
Mean 
-6 13 
3 69 
5 53 
-6.59 
-1 03 
-1 09 
4 06 
4 22 
7 34 
3 16 
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Appendix 
Raw Data 
Mean Absolute Error Stroke Patients 
Trials 
1 
2 
3 
c 4 
0 — 
1 -
1 6 < 
7 
8 9
10 
1 
2 
1 
0 5 
23 5 
23 
19 5 
19 5 
19 
2 
15 
12 5 
37.5 
155 
30 5 
165 
3 
57.5 
57 
54 
59 5 
70 
16 
4 
41 
27 
44 5 
12 5 
27 
24 
Subjects 
5 
88 
47 5 
53 
27 
37 5 
10 
6 
83 5 
34 
33 5 
44 5 
22 
4 5 
7 
34 5 
97 5 
55 
44 
32 5 
25 5 
8 
23 5 
32 5 
29 
27 
26 5 
15 
9 
27.5 
17 
35 
24 
155 
18 
10 
92 5 
41 
81 5 
05 
36 
41 5 
Total 
463 5 
389 5 
456 
294 
317 
185 
Mean 
46 4 
39 00 
45 6 
27 4 
31 7 
18 5 
19 5 23 50 27 23 5 37 13 8 14 5 28 243 5 24 1 
= 5 
27 5 7 6 5 15 34 5 14 24 5 17 12.5 115 170 
a. 7 
_ 8 
9 
-10 
10 
54 
19 5 
53 
20 5 
25 
10 
18 5 
45 
40 
30 
25 
175 
29 5 
20 
42 5 
11 5 
29 
29 5 
56 5 
143 
350 5 
143 
35 1 
Appendix IV 
Raw Data 
Mean Algebraic Error Stroke Patients 
Trials 
1 
2 
3 
4 c ,,, 
1 5 
1 6 
< 7 
8 
9 
10 
1 
- 0 5 
-3.5 
3 
195 
165 
2 
15 
12 5 
37 5 
15 5 
-30.5 
3 
-57.5 
-57 
-54 
14 5 
70 
4 
22 
-27 
47.5 
-12 5 
- 3 
Subjects 
5 
18 
-47 5 
- 7 
27 
-37.5 
6 
-43 5 
2 
33 5 
11 5 
17 
7 
34 5 
75 
-55 
-1b 
-33 5 
8 
8 5 
32 5 
26 
13 
-26 5 
9 
-27 5 
-17 
15 
-24 
- 5 5 
10 
47 5 
11 
1 5 
- 0 5 
12 
Total 
6 5 
-86 5 
52 
36 5 
-31 
Mean 
0 65 
- 8 7 
5 2 
3 7 
- 3 1 
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Appendix IV — Cont. 
Raw Data 
Mean Algebraic Error Stroke Patients 
c o 
« 
C7 
cp 
£ 
Trials 
1 
2 
3 
4 
5 
-
6 
7 
-
8 
9 
-
10 
1 
17 
-19 5 
105 
10 
31 
2 
16 5 
-23 
- 7 
-19 5 
23 
3 
- 1 
-50 
-6.5 
- 4 5 
-25 
4 
19 
- 9 
-15 
-10 
18 5 
Subjects 
5 
-5 
- 8 5 -
33 5 -
4 5 
-40 
6 
35 
•37 
-14 
-8 
25 
7 
25 5 
-13 
-24 5 
-17 5 
28 5 
8 
10 
-8 
17 
-20 
42 5 
9 
-5 0 
14.5 
-12 5 
8 5 
18 
10 
41 5 
-28 
11 5 
29 5 
56 5 
Total 
121 5 
-182 0 
- 7 0 
-27 
155 5 
Mean 
12 2 
-18 2 
- 0 7 
- 2 7 
15 6 
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